Multiply
By 
Sea level:
In this report, "sea level" refers to the National Geodetic Vertical Datum of 1929 (NGVD of 1929, formerly called "Sea-Level Datum of 1929"), which is derived from a general adjustment of the first-order leveling networks of the United States and Canada.
Abstract
In 1998, ground water was being pumped from about 420 production wells in the middle Humboldt River Basin for a variety of uses. Principal uses were for agriculture, industry, mining, municipal, and power plant purposes. This report presents a compilation of the number and types of production wells, areas irrigated by ground water, and ground-water use in 14 hydrographic areas of the middle Humboldt River Basin in 1998.
Annual pumping records for production wells usually are reported to the Nevada Division of Water Resources. However, operators of irrigation wells are not consistently required to report annual pumpage. Daily power-consumption and pump-discharge rates measured at 20 wells during the 1998 irrigation season and total power use at each well were used to estimate the amount of water, in feet of depth, applied to 20 alfalfa fields. These fields include about 10 percent of the total area, 36,700 acres, irrigated with ground water in the middle Humboldt River Basin. In 1998 an average of 2.0 feet of water was applied to 14 fields irrigated using center-pivot sprinkler systems, and an average of 2.6 feet of water was applied to 6 fields irrigated using wheel-line sprinkler systems. A similar approach was used to estimate the amount of water pumped at three wells using pumps powered by diesel engines. The two fields served by these three wells received 3.9 feet of water by flood irrigation during the 1998 irrigation season.
The amount of water applied to the fields irrigated by center-pivot and wheel-line irrigation systems during the 1998 irrigation season was less than what would have been applied during a typical irrigation season because late winter and spring precipitation exceeded long-term monthly averages by as much as four times. As a result, the health of crops was affected by over-saturated soils, and most irrigation wells were only used sporadically in the first part of the irrigation season. Power consumption at 19 of the 20 wells in the 1994-97 irrigation seasons was 110 to 235 percent of the power consumption in the 1998 irrigation season. If the amount of water applied to fields during the 1998 irrigation season were adjusted to account for these differences in power consumption, the average amount of water applied to a field during a typical season using center-pivot and wheel-line sprinkler systems would be 3.1 feet and 3.7 feet, respectively.
Total ground water pumped in the middle Humboldt River Basin during 1998 was about 298,000 acre-feet. This pumpage was distributed as follows: 78 percent for mining, 19 percent for irrigation, and 3 percent for industrial, municipal, and power plants combined. Mining pumpage is by far the largest source of ground-water use because several large gold mines have extended below local ground-water levels and the area around each mine must be dewatered in order to maintain a dry and workable mine. Total mining pumpage in 1998 was 233,000 acre-feet, of this total, 23,600 acre-feet was for consumptive use and 209,000 acre-feet was for dewatering eight mines. Excess water from the mines being dewatered was distributed as follows: 74,500 acre-feet was returned to aquifers by infiltration; 33,100 acre-feet was used for irrigation and for consumptive use at two mines and a power plant; 96,700 acre-feet was released to the Humboldt River or one of its tributaries; and 5,260 acre-feet was lost to evaporation.
Introduction Background
The Humboldt River Basin covers an area of nearly 17,000 mi 2 in Nevada, and it is the only major river basin that is entirely in the State ( fig. 1) . Streamflow of the Humboldt River and its tributaries and ground water are used by diverse, and sometimes competitive interests. Streamflow historically has been used for agricultural purposes-mainly irrigation of crops and meadows and watering stock. However, wetlands along the river and its tributaries provide wildlife habitat, and infiltration of streamflow is a source of recharge to shallow aquifers underlying the river floodplain. Prior to 1980, most ground-water pumped in the Humboldt River Basin was used for municipal and domestic use, irrigation of crops, watering stock, and for use at a few mines. During the last 20 years, pumping in the basin has increased as a result of the expansion of irrigated areas, the development of two power plants, a general increase in population, and development of large gold mines ( fig. 1) .
Agencies of Federal, State, and local government and other groups are concerned about the long-term viability of the water resources of the Humboldt River Basin because of the increased demand for ground water and the need to dewater some of the gold mines. In response to this concern, the U.S. Geological Survey, in cooperation with the Nevada Department of Conservation and Natural Resources, initiated the Humboldt River Basin Assessment. The objectives of the assessment are to (1) provide scientific appraisals of the ground-water and surface-water resources of each hydrographic area in the Humboldt River Basin, (2) determine the contribution of each hydrographic area to the quantity and timing of flow in the Humboldt River, and (3) determine the effects of all major water uses in the basin.
So far, assessment activities have focused on the middle Humboldt River Basin, which consists of 14 hydrographic areas 1 that cover 7,480 mi 2 ( fig. 1 and  table 1 ). The 14 areas are tributary to the reach of the Humboldt River that extends from the mouth of Pine Creek on the east to Preble on the west (plate 1). The principal tributaries to this reach of the river are Pine Creek, Rock Creek, and the Reese River. Within the middle Humboldt River Basin there are 16 mines of varying size (15 gold mines and a barite mine), eight of which were being dewatered in 1998, several areas of differing size where ground water is used for irrigating crops, several municipalities that rely on ground water, and the Valmy Power Plant and Beowawe Geothermal Power Plant.
Purpose and Scope
The purpose of this report is to document the results of a study on ground-water use in the middle Humboldt River Basin during 1998 ( fig. 1 ). The study objectives were to (1) identify areas where ground water is used for irrigation, (2) identify the principal crop type in each area, (3) determine irrigation application rates for each crop type, (4) use these rates to determine total pumpage for irrigation in each hydrographic area, and (5) develop a compilation of all production wells and associated ground-water pumpage in the middle Humboldt River Basin.
For purposes of this report, production wells are defined as those wells used for generating electricity, municipal use, mining including dewatering, industrial purposes other than mining, and agricultural. Production wells typically are pumped at rates ranging from hundreds to thousands of gallons per minute. Domestic wells and stock wells were not inventoried as part of this study because they typically are pumped at rates of only a few tens of gallons per minute or less. Total pumpage from domestic and stock wells had less potential to affect ground water than pumpage from production wells.
Approach
The approach used for this study was to first complete inventories of all production wells and of lands being irrigated with ground water in 1998 in the middle Humboldt River Basin. Locations of production wells were obtained from Nevada Division of Water Resources (NDWR) records and from well owners. Locations of irrigated lands and irrigation wells were determined from field inventories completed as part of this study. Most operators of production wells routinely report annual volumes of ground-water pumpage to the NDWR. This agency is the source for all pumpage information listed in this report, except for irrigation pumpage. Owners of most irrigation wells are not required to report annual pumpage to the State of Nevada. Thus, an additional task was to estimate the amount of ground water pumped for irrigation in each hydrographic area in 1998. Total ground water pumped at selected wells during the 1998 irrigation season was estimated from (1) measurements of the amount of power used to pump one acre-ft of ground water, and (2) total power used at each of the wells during the irrigation season. The application rates at the fields served by these wells, in feet of water, were then used to estimate total ground water pumped for irrigation in each hydrographic area during the 1998 irrigation season. These totals are based on average application rates and on the inventories of irrigated acreage.
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Irrigation Pumpage 1998 Irrigation Season
Total amounts of ground water, in feet of water, applied during the 1998 irrigation season, was estimated for 20 fields consisting of 3,850 acres of alfalfa and minor amounts of oats (table 2) . This area represents about 10 percent of the total area of 36,700 acres irrigated by ground water in the middle Humboldt River Basin. The 20 fields are served by 20 irrigation wells from which total volumes of ground water pumped during the 1998 irrigation season were estimated using daily power-consumption and pump-discharge rates and total power used during the season. Both rates were measured one or more times during the irrigation season. The rates were used to compute a ratio that is the estimated amount of power required to pump one acre-ft of ground water. Instantaneous pump discharge was measured with an acoustic flowmeter and converted to an estimated daily pumpage rate, in acre-feet per day. Power consumption, in kilowatthours per day, was estimated by making an instantaneous measurement of the rate at which the disk on the electrical meter was revolving. The equation for converting this rate to an estimated daily power consumption rate, P, is P = (86.4 x Kh x T f x rev)/t, (1) where Kh is the electrical meter constant in watt-hours per disk revolution (this value is shown on the meter face); T f is the transformer factor, a dimensionless ratio provided by the local power company; rev is the number of revolutions the electrical meter disk turns in time (t), in seconds; and 86.4 is a conversion factor that yields a value of P in kilowatt-hours per day. This equation is a variation of one used by Hurr and Litke (1989, p. 13) . Values for daily pump-discharge, power-consumption rates, and for the amount of power needed to pump an acre-foot of water are listed in table 2.
The total volume of ground water, in acre-feet, pumped at each irrigation well during the 1998 irrigation season was computed as the total power used during the year divided by the average power-use to pumpage ratio for the year (table 2) . Finally, the amount of water, in feet of depth, applied to each field, was computed as total volume of ground water pumped during the 1998 irrigation season divided by total area of the field, in acres.
The most common irrigation method using ground water in the middle Humboldt River Basin is the center-pivot sprinkler system, which consists of sprinklers attached to a supply pipe that is mounted on wheels. The entire system revolves in a circle of about 1/4-mile radius from a center pivot. The area irrigated by a center-pivot system is about 126 acres, but the area of individual fields can range from 120 to 130 acres. Total ground water, in feet, applied during the 1998 irrigation season by the 14 center-pivot sprinkler systems listed in table 2 ranged from 1.7 to 2.2 ft. The average, weighted by irrigated area, was 2.0 ft.
Wheel-line sprinkler systems are gradually being replaced in the middle Humboldt River Basin by the more efficient center-pivot sprinkler systems. Even though wheel-line sprinkler systems are not as common as center-pivot systems, they are still widely used. A wheel-line sprinkler system also consists of sprinklers attached to a supply pipe that is mounted on wheels; however, this type of system does not revolve around a center-pivot. Instead, a series of several wheel lines advance in a straight line from one side of a field to the other side. Total ground water, in feet, applied during the 1998 irrigation season by the six wheel-line sprinkler systems listed in table 2 ranged from 2.1 to 3.1 ft. The average, weighted by irrigated area, was 2.6 ft.
Flood irrigation is used extensively in the middle Humboldt River Basin where streamflow is diverted from the Humboldt River or one of its tributaries. However, there are two reasons why this irrigation method is not commonly used in areas where irrigation water must be pumped. First, more water must be applied to a flood-irrigated field than to a field of equal size irrigated by a center-pivot or wheel-line sprinkler system. One rancher stated that flood irrigation requires at least twice the amount of water needed for a center-pivot sprinkler system. Second, flood irrigation is more labor intensive and requires more care than the center-pivot or wheel-line irrigation systems.
In Pumpernickel Valley, three wells are used to flood irrigate two 320-acre fields (plate 1). The pump for each of these wells is driven by a diesel engine equipped with a meter that records hours of operation. These meters were read before and after the 1998 irrigation season. The total volume of water pumped at each of the wells during the season is computed as the daily pumpage, in acre-feet per day, multiplied by the number of days the diesel engine was in operation (table 3) . The amount of water, in feet, applied to the two fields during the irrigation season was computed by dividing total pumpage from the three wells by the area of the two fields. The total amount of water applied to these fields was 3.9 ft during the 1998 irrigation season (table 3) . Summary--6 wheel-line sprinkler systems, supplied by 12 wells, were used to irrigate a total of 2,090 acres (1,930 acres of alfalfa and 160 acres of oats) during the 1998 irrigation season. Total pumpage from the 12 wells was 5,530 acre-feet. Total water applied to the 6 fields, in feet of depth, ranged from 2.1 to 3.1 feet, and the average, weighted by irrigated area, was 2.6 feet.
1 USGS site identification numbers shown in this table are based on grid system of latitude and longitude. Each number consists of 15 digits. First six digits denote degrees, minutes, and seconds of latitude; next seven digits denote degrees, minutes, and seconds of longitude; and last two digits (assigned sequentially) identify sites within 1-second grid. For example, site identification number for well number 8 is 400607117092801. This number refers to 40° 6′ 7″ latitude and 117° 9′ 28″ longitude, and it is first site recorded in that 1-second grid. This 15-digit number is retained as permanent identifier even if more precise latitude and longitude are determined later. 2 On indicated date, disk on electrical meter was turning at measured rate of five revolutions in indicated time, in seconds. 5 Power consumption rate, in kilowatt-hours per day (kw-hr/d) is computed from the following equation: P = (86.4 x Kh x Tf x rev) / time, where Kh is meter constant in watt-hours per meter disk revolution, Tf is transformer factor, a dimensionless ratio, rev is the number of meter revolutions (in this table, 5 revolutions) measured in time, in seconds, and 86.4 is a constant that yields a value of P, in kilowatt-hours per day. 6 Daily pump discharge, in acre-feet per day (acre-ft/d), estimated by measuring the instantaneous pump discharge with an acoustical flow meter. 7 Ratio is determined by dividing daily power use by daily pumpage. Ratio, in kilowatt-hours per acre-foot (kw-hr/acre-ft), is an estimate of amount of electrical power needed to pump one acrefoot of water on indicated date. 8 Amount of electrical power, in kilowatt-hours (kw-hr), consumed by pump motor at well during 1998 irrigation season. Data obtained from Sierra Pacific Power Company with permission of well owner. 9 Estimated total ground water, in acre-feet, pumped during 1998 irrigation season. Computed by dividing total power used during 1998 irrigation season by average ratio of power use to pumpage. 10 Estimated amount of water, in feet of depth, used to irrigate field(s) supplied by this/these well(s) during 1998 irrigation season. Computed by dividing total pumpage, in acre-feet, by total irrigated area, in acres. 11 Average of ratios determined during 1998 irrigation season. 12 Assumed to represent average ratio for 1998 irrigation season because site was visited only once during season. 13 Wells 1, 2 and 3 are used together to irrigate a single 316-acre field.
14 Total pumpage from wells 1, 2, and 3 during 1998 irrigation season. 15 Wells 9, 10,and 11 are used together to irrigate a single 653-acre field. 16 Total pumpage from wells 9, 10, and 11 during 1998 irrigation season.
17 Wells 19, 20 , and 21 are used together to irrigate a single 554-acre field. 18 Total pumpage from wells 19, 20, and 21 during 1998 irrigation season. 2 Estimated daily pump discharge, in acre-feet per day, measured on the pump discharge pipe with an acoustical flow meter.
irrigation season

Time of pumping 3 (days)
3 Pumps are driven by diesel engines. Time of pumping determined from hour meter on each engine. 4 Computed by multiplying daily pumpage by time of pumping.
Pumpage 4 (acre-feet)
Water use 5
(feet) 5 Computed by dividing total pumpage by irrigated area.
404613117274101 ( 6)
6 Wells 4, 5, and 6 are used together to irrigate two 320-acre fields of alfalfa. 
Comparison of 1998 Irrigation Season with 1994-97 Seasons
A typical irrigation season in the middle Humboldt River Basin usually begins in early April and ends in early September with the final cutting of alfalfa. The typical season not only includes years of average or near average precipitation, but also includes years of below average precipitation. The 1998 irrigation season was not a typical irrigation season because winter and spring precipitation were well above average in the middle Humboldt River Basin. Precipitation at Battle Mountain was about twice the monthly average from January through April and in June, and was more than four times the monthly average in May (fig. 2) . Consequently, soil moisture was well above normal by early April when pumping of ground water should have begun. Most center-pivot and wheel-line sprinkler systems were idle, or only used sporadically, in April, May, and early June because soils were so saturated that the growth and health of the alfalfa crops were being affected. Thus, the amounts of ground water applied to the 20 different fields listed in table 2 do not represent the amount of ground water that would have been used in a typical year.
Power-consumption records for the four irrigation seasons preceding 1998 were compared with 1998 records and used to adjust 1998 water use (table 2) to an estimated use for the 1994-97 irrigation seasons, all of which were typical years. Table 4 lists comparisons of power consumption during each of the 1994-97 irrigation seasons with 1998 power consumption for 19 of the 20 irrigation systems listed in table 2. Power-consumption records for 1994-97 for well 8 were not available. The factors for each year were determined by dividing power use for a specific sprinkler system by power use in 1998. The factors indicate that power use in 1998 was consistently exceeded by power use in the 1994-97 irrigation seasons at all of the irrigation systems listed in table 4.
Water used at each of the irrigation systems during a typical irrigation season was estimated by multiplying the amount of water used by the system in 1998 by the average factor for the 1994-97 seasons (table 4) . Ground water applied to fields during the 1998 irrigation season ranged from 1.7 to 2.2 ft using the center-pivot sprinkler systems and ranged from 2.1 to 3.1 ft using the wheel-line sprinkler systems. Estimated amounts of ground water applied to the same fields during the previous four irrigation seasons ranged from 2.4 to 4.8 ft and 3.2 to 4.2 ft for centerpivot and wheel-line sprinkler systems, respectively. The area-weighted averages for a typical season are 3.1 ft for the center-pivot systems and 3.7 ft for the wheel-line systems.
Ground-Water Use in 1998
Locations of production wells and areas irrigated with ground water in each hydrographic area in the middle Humboldt River Basin are shown on plate 1. Types and numbers of production wells, irrigated acreage, and water use for each hydrographic area are listed in table 5. Total ground-water pumpage from 420 production wells in the middle Humboldt River Basin in 1998 was about 298,000 acre-ft (table 5) . This pumpage was distributed as follows-78 percent for mining, 19 percent for irrigation, and 3 percent for power plant, industrial, and municipal needs combined (fig. 3A) .
The largest single source of ground-water pumpage in the middle Humboldt River Basin is mining. Total ground water pumped at 16 gold mines in 1998 was 233,000 acre-ft (tables 5 and 6) and exceeded the total of all other ground-water pumpage by about four times ( fig. 3A) . Consumptive use for mining purposes was 23,600 acre-ft, and the excess of 209,000 acre-ft was pumped for the dewatering of eight gold mines.
Dewatering totals in 1998 at the eight mines ranged from 90 acre-ft at the Pinson Mine to 95,400 acre-ft at the Betze Mine (table 6) .
Managing this excess water can be difficult, especially when the volumes of water are large. The NDWR policy requires the excess water be returned to the aquifer in the same basin from which it was pumped either by infiltration or reinjection. However, these methods do not always work because the properties of soils and shallow alluvium may not be suitable for infiltration, and the unsaturated zone may not have the capacity to store the large volumes of ground water that must be pumped. Therefore, a second alternative for managing excess water is to substitute it for ground water being pumped for another purpose in another part of the basin. If neither infiltration nor substitution of use is feasible, the third alternative is to release excess water to the Humboldt River or one of its tributaries. Table 6 and figure 3B show how water from the eight mines being dewatered was distributed in 1998 according to the alternatives discussed above. A total of about 74,500 acre-ft (36 percent) of excess ground water was returned to aquifers by infiltration at Boulder Flat (Betze and Genesis Mines), Crescent Valley (Pipeline Mine), Lower Reese River Valley (McCoy Mine), and the Kelly Creek Area (Getchell, Pinson, and Twin Creeks Mines). A total of about 33,100 acre-ft (16 percent) of excess water was being substituted for other uses. Of this total, 28,100 acre-ft of excess water from the Betze Mine was for irrigation use in Boulder Flat, and 5,020 acre-ft from the Lone Tree Mine was for consumptive use at the Marigold Mine, and the Valmy Power Plant in the Clovers Area, and the Trenton Canyon Mine located outside the study area. A total of 96,700 acre-ft (46 percent) of excess water was released to the Humboldt River or one of its tributaries from the Betze, Lone Tree, and Twin Creeks Mines.
However, releases from the Betze Mine ended in February 1999. Finally, a total of about 5,260 acre-ft (2 percent) of excess water was lost to evaporation.
An estimated 57,800 acre-ft of ground water was pumped during 1998 for irrigation purposes (table 5) . This pumpage is widely scattered in the middle Humboldt River Basin, and except for Rock Creek and Willow Creek Valleys, each hydrographic area has some area irrigated by ground water (plate 1). Irrigation pumpage is concentrated in relatively large areas in Antelope and Middle Reese River Valleys and to a lesser extent in Upper and Lower Reese River Valleys, the Clovers Area, and the Kelly Creek Area. The largest irrigated area by far is in Boulder Flat where centerpivot sprinkler systems are used to irrigate about 10,100 acres of alfalfa and pasture. However, all of the water used for irrigating these fields comes from wells used to dewater the Betze Mine about 10 miles to the north.
Municipal wells serve the towns of Austin, Battle Mountain, Crescent Valley, and Beowawe. They also serve groups of residences at a Nevada Department of Transportation maintenance station on the eastern side Figure 3. Distribution of (A) Total ground-water pumpage, and (B) Total mine dewatering pumpage, 1998, middle Humboldt River Basin, north-central Nevada. Total pumpage was 298,000 acre-feet and total mine dewatering pumpage was 209,000 acre-feet 1 Computed as area, in acres, of center-pivot irrigation systems times 2 feet plus area, in acres, of wheel-line irrigation systems times 2.6 feet plus area, in acres, of flood-irrigation systems times 3.9 feet. 2 Value based on 378 acres irrigated by center pivots and 221 acres irrigated by wheel lines.
3 Water pumped as a by-product of oil production (Davis, 1999, p. 48). This water was returned to the local aquifer by way of injection wells. 4 Value based on 123 acres irrigated by center pivots and 250 acres irrigated by wheel lines.
5 Of this total, 2,420 acre-feet was for consumptive use at Cortez and Pipeline Mines and 32,700 acre-feet was for dewatering Pipeline Mine. 6 Water supply for town of Crescent Valley and Beowawe School. of Boulder Flat, at Dunphy in southern Boulder Flat, and at Valmy in the western part of the Clovers Area. Total municipal use was 1,370 acre-ft in 1998 (table 5) . Ground water is used in the Clovers Area and in Whirlwind Valley for generation of electricity. In 1998, 1,480 acre-ft of ground water was pumped at 21 wells in the Clovers Area for cooling purposes at the Valmy Power Plant (table 5) . However, since 1998 these cooling water needs have been met mostly with excess water from the nearby Lone Tree Mine. Three geothermal wells at the Beowawe Geothermal Power Plant in Whirlwind Valley produce steam that is used to generate electricity. The total water withdrawn in 1998 was 6,670 acre-ft, of which 85 percent was returned to the geothermal reservoir by re-injection, and the balance was lost to evaporation.
Ground-water pumpage for industrial purposes is not common in the middle Humboldt River Basin. The only industrial pumpage that could be confirmed from State of Nevada records was 254 acre-ft of water pumped as a by-product of oil production in Pine Valley and 261 acre-ft pumped at a chemical plant in western Boulder Flat (table 5) . 4 Water released to Iron Point Relief Canal. 5 Total includes 220 acre-ft of water delivered from Lone Tree Mine. 6 The Rossi Mine is a small barite mine. The total pumpage shown was not reported. Instead, the value is the permitted pumpage. 7 Released to Kelly Creek, a tributary of Humboldt River. All of this water infiltrates the stream channel before reaching the Humboldt River. 
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Summary
Ground water is pumped in the middle Humboldt River Basin for a variety of uses, the principal of which are agricultural, industrial, mining, municipal, and power plant purposes. Ground water also is pumped at a number of domestic and stock wells, but these two uses are relatively small when compared with the principal uses. The purpose of this report is to develop a compilation of all production wells and areas irrigated by ground water, and to quantify 1998 ground-water use in each of the 14 hydrographic areas of the middle Humboldt River Basin.
Annual pumping records for production wells generally are reported to the Nevada Division of Water Resources. However, operators of irrigation wells are not consistently required to report annual pumpage. In order to make reasonable estimates of pumpage for irrigation use, daily power-consumption and pump-discharge rates were measured at 20 wells used to irrigate 3,850 acres of alfalfa and minor amounts of oats by center-pivot and wheel-line sprinkler systems. This area represents about 10 percent of the total area of 36,700 acres irrigated by ground water in the middle Humboldt River Basin. The two rates were used to compute a ratio that would estimate the amount of power required to pump one acre-foot of water at each of the wells. The estimated total volume of ground water pumped at each well during the irrigation season was determined by dividing total power use at the well during the season by the ratio. A similar approach was used to estimate total water pumped at three wells using pumps powered by diesel engines to flood-irrigate two fields. Finally, the total amount of water, in feet, applied to the irrigated fields was estimated by dividing area, in acres, irrigated by total amount of water, in acre-feet, that was pumped.
The amount of water applied to the fields irrigated by center-pivot and wheel-line sprinkler systems in 1998 ranged from 1.7 to 2.2 ft and 2.1 to 3.1 ft, respectively. The averages were 2.0 and 2.6 ft, respectively. The amount of water, in feet of depth, applied to the flood-irrigated fields was 3.9 ft, about twice the amount of that used by a center-pivot sprinkler system.
The amounts of water applied to these fields during the 1998 irrigation season were less than what would have been applied during a typical irrigation season. Late winter and spring precipitation in 1998 exceeded long-term monthly averages for January through June by almost two to four times. As a result, most irrigation wells were used only sporadically in the first part of the 1998 irrigation season.
Comparison of 1998 power-consumption records with those for 1994-97 shows that 1998 power consumption was consistently exceeded during the previous four years by 110 to 235 percent. If the amounts of water applied to fields during the 1998 irrigation season are adjusted to account for this, the average amount of water applied to a field using center-pivot and wheelline sprinkler systems during a typical year would be 3.1 ft and 3.7 ft, respectively.
Total ground water pumped in the middle Humboldt River Basin during 1998 was about 298,000 acreft, and was distributed as follows: 78 percent for mining (including 70 percent for dewatering), 19 percent for irrigation, and 3 percent for industrial, municipal, and power plants combined. Mining pumpage was by far the largest because several gold mines have extended below local ground-water levels and the area around each mine must be dewatered in order to maintain a dry and workable mine. Excess water from the eight mines was distributed as follows: (1) A total of about 74,500 acre-ft of excess ground water was returned to aquifers by infiltration at Boulder Flat, Crescent Valley, Lower Reese River Valley, and the Kelly Creek Area; (2) A total of 33,100 acre-ft was being substituted for irrigation use in Boulder Flat and for consumptive use at a mine and a power plant in the Clovers Area and at a mine outside the study area; (3) A total of 96,700 acre-ft was released to the Humboldt River or one of its tributaries from three mines; and (4) A total of 5,260 acre-ft was lost to evaporation.
